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DETAILED ACTION 

Claim Objections 

1 . Claims 3, 4, and 6 are objected to because of the following informalities: the 
limitation "a first constant S1" on line 7 of claim 3 should be changed to "by a first 
constant S1" to make it logically consistent. The limitation "a fourth constant" on line 23 
of claim 3 should be changed to "by a fourth constant" to make it logically consistent. 
Appropriate correction is required. The term "it" on line 2 of claim 6 should be changed 
to "the air conditioning unit" for increased clarity. 

2. Claims 7-1 5 are objected to under 37 CFR 1 .75 (c) as being in improper forms 
because a multiple dependent claim cannot depend from any other multiple dependent 
claim. See MPEP § 608.01 (n). 

Claim Rejections - 35 USC §112 

3. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

4. Claims 1 -1 5 are rejected under 35 U.S.C. 1 1 2, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Regarding claim 1 , it is unclear whether the density of the refrigerant and the 
pressure of the refrigerant at the inlet of the expander are to be estimated, measured, or 
calculated. 

Regarding claim 5, it is unclear what the calculating function is specific to, as it 
cannot simultaneously be "specific to calculating the density of the refrigerant from the 
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refrigerant temperature at the inlet of the expander and from the refrigerant pressure at 
the inlet of the expander" (lines 3-6 of claim 5) and "using ... the density of the 
refrigerant ... to calculate an estimate of the refrigerant mass flow rate at the expander" 
(lines 12-17 of claim 1), because the term "specific to" specifies the end product of the 
calculation to be the density of the refrigerant, not the refrigerant mass flow rate. 
Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

7. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
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consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

8. Claims 1, 2, 5, and 6 are rejected under 35 U.S.C. 103 (a) as being unpatentable 
over Alsenz (US Patent No. 5,402,652) in view of Thermodynamics: an engineering 
approach (Cengel and Boles, international edition 2004). 

Regarding claims 1 and 2, Alsenz discloses a refrigeration system comprising a 
compressor (30, see column 4 line 64), a condenser (34, see column 4 line 64), an 
expansion device (38, see column 4 line 65), an evaporator (44, see column 4 line 65), 
and an electronic controller (200, see column 8 line 34) designed to interact with the 
refrigeration circuit. It is noted that the system of Alsenz is not characterized in that the 
electronic control device includes a calculating function using an estimate of the flow 
area of the expander, the density of the refrigerant and the pressure of the refrigerant at 
the inlet of the expander in order to calculate an estimate of the refrigerant mass flow 
rate at the expander. However, the controller of Alsenz is capable of performing such a 
calculation (see column 1 6 lines 36-38). Further, it falls within the realm of common 
knowledge to calculate mass flow rate using flow area, density, and pressure, as can be 
seen from pages 6, 32, and 142 of Cengel and Boles. Therefore, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to program the 
controller of Alsenz to calculate the mass flow rate of the refrigerant using an estimate 
of the flow area of the expander, the density of the refrigerant and the pressure of the 
refrigerant at the inlet of the expander in order to have better monitoring of the system 
of Alsenz. 
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Regarding claim 5, it is noted that the controller of Alsenz is not explicitly stated 
to calculate the density of the refrigerant at the inlet of the expander from the 
temperature and pressure at the expander inlet. However, it falls within the realm of 
common knowledge to use the ideal gas law to calculate the density of a gas from 
temperature and pressure, and therefore it would have been obvious to one of ordinary 
skill in the art at the time of the invention to do so in order to avoid storing refrigerant- 
specific density tables for mass flow calculations. 

Regarding claim 6, Alsenz discloses the presence of a probe placed at the inlet 
of the expander for measuring the refrigerant temperature (70, see column 12 line 25). 

9. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Alsenz 
(US Patent No. 5,402,652) in view Thermodynamics: an engineering approach (Cengel 
and Boles, international edition 2004), further in view of Gregg et al (US Patent No. 
4,977,529). 

Regarding claim 3, it is noted that Alsenz does not explicitly disclose the 
modeling of the valve flow area as a series of linear functions. However, Gregg et al 
discloses a valve simulation which estimates valve flow area using a series of linear 
functions (see column 148 lines 43-60). It would therefore have been obvious to one of 
ordinary skill in the art at the time of the invention to implement the modeling technique 
of Gregg et al in the system of Alsenz as a mathematically simple but effective backup, 
to ensure the received data did not indicate a system fault. 

10. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Alsenz 
(US Patent No. 5,402,652) in view of Thermodynamics: an engineering approach 
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(Cengel and Boles, international edition 2004), further in view of Gregg et al (US Patent 
No. 4,977,529), further in view of Ben Yahia (US Patent Application Publication No. 
2003/0159452) and the application. 

Regarding claim 4, it is noted that the system of Alsenz in view of Cengel and 
Boles and further in view of Gregg et al does not explicitly disclose the pressures at the 
expansion valve to be between approximately 80 bar and 135 bar or the areas to be 
between approximately .07 mm 2 and 3.14 mm 2 . However, the supercritical air 
conditioning cycle of Ben Yahia uses carbon dioxide (see paragraph [0002]), and it 
would have been obvious to one of ordinary skill in the art to use pressures between 
approximately 80 bar and approximately 135 bar when modeling a system using carbon 
dioxide in order to optimize performance. Additionally, as the general concept of 
optimizing the dimensions of an expansion valve for a particular application following 
completion of a design falls within the realm of common knowledge, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to use the pressures 
of approximately 80 bar, 110 bar, and 135 bar, and the areas of .07 mm 2 , .5 mm 2 , .78 
mm 2 , and 3.14 mm 2 in a model of the expansion valve of Alsenz in view of Gregg et al 
further in view of Ben Yahia et al, in order to use the best balance of accuracy and 
simplicity possible. 

11. Claims 1, 2, 5, and 7-15 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Singh et al (US Patent Application Publication No. 2003/0005710) in 
view of Thermodynamics: an engineering approach (Cengel and Boles, international 
edition 2004). 
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Regarding claims 1 and 2, Singh et al discloses an air conditioning unit provided 
with a supercritical refrigerant circuit (see paragraph [0064]) comprising a compressor 
(104, see paragraph [0065]), a condenser (126, see paragraph [0064]), an expander 
(138, see paragraph [0064]) defining a refrigerant flow area, an evaporator (136, see 
paragraph [0064]), and an electronic control device designed to interact with the 
refrigerant circuit (140, see paragraph [0065]). It is noted that the system of Singh et al 
is not characterized in that the electronic control device includes a calculating function 
using an estimate of the flow area of the expander, the density of the refrigerant and the 
pressure of the refrigerant at the inlet of the expander in order to calculate an estimate 
of the refrigerant mass flow rate at the expander. However, the controller of Singh et al 
is capable of performing such a calculation (see paragraph [0065]). Further, it falls 
within the realm of common knowledge to calculate mass flow rate using flow area, 
density, and pressure, as can be seen from pages 6, 32, and 142 of Cengel and Boles. 
Therefore, it would have been obvious to one of ordinary skill in the art at the time of the 
invention to program the controller of Singh et al to calculate the mass flow rate of the 
refrigerant using an estimate of the flow area of the expander, the density of the 
refrigerant and the pressure of the refrigerant at the inlet of the expander in order to 
have better monitoring of the system of Singh et al. 

Regarding claim 5, it is noted that the controller of Singh et al is not explicitly 
stated to calculate the density of the refrigerant at the inlet of the expander from the 
temperature and pressure at the expander inlet. However, it falls within the realm of 
common knowledge to use the ideal gas law to calculate the density of a gas from 
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temperature and pressure, and therefore it would have been obvious to one of ordinary 
skill in the art at the time of the invention to do so in order to avoid storing refrigerant- 
specific density tables for mass flow calculations. 

Regarding claim 7, Singh et al discloses the presence of a sensor at the inlet of 
the expander for measuring the refrigerant pressure at the inlet of the expander (130, 
see paragraph [0126]). 

Regarding claim 8, it is noted that the system of Singh et al is not explicitly stated 
to include a power estimation function capable of estimating the power absorbed by the 
compressor from the refrigerant mass flow rate provided by the calculating function, the 
work of the compressor, and the rotation speed of the compressor. However, the 
controller of Singh et al is capable of doing so (see paragraph [0065]). Additionally, it 
would have been obvious to one of ordinary skill in the art at the time of the invention to 
do so in order to minimize power use and ensure the accuracy of power meters in use 
(see paragraph [0140]). 

Regarding claim 9, it is noted that Singh et al does not explicitly state the 
electronic control device to estimate the work of the compressor form the refrigerant 
pressure at the inlet of the expander, the refrigerant pressure at the inlet of the 
compressor and a refrigerant temperature relative to the compressor. However, the 
electronic control device of Singh et al is capable of doing so (see paragraph [0065]). 
Further, falls within the realm of common knowledge to calculate the work of a 
compressor from pressure at the inlet, pressure at the outlet, and an associated 
refrigerant temperature. It would therefore have been obvious to one of ordinary skill in 
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the art at the time of the invention to estimate the work of the compressor in this way to 
ensure a minimum of wear on the compressor. 

Regarding claim 10, it is noted that Singh et al does not explicitly state the 
electronic control device to estimate the refrigerant pressure at the inlet of the 
compressor from a pressure at the inlet or at the outlet of the evaporator combined with 
the refrigerant mass flow rate. However, the electronic control device of Singh et al is 
capable of doing so (see paragraph [0065]). Further, falls within the realm of common 
knowledge to calculate the refrigerant pressure at the inlet of the compressor form a 
pressure at the inlet or at the outlet of the evaporator combined with the refrigerant 
mass flow rate. It would therefore have been obvious to one of ordinary skill in the art at 
the time of the invention to estimate the refrigerant pressure at the inlet of the 
compressor from a pressure at the inlet or at the outlet of the evaporator combined with 
the refrigerant mass flow rate in order to enable calculation of the compressor work 
without using additional sensors. 

Regarding claim 1 1 , Singh et al explicitly discloses the presence of a 
temperature sensor (128, see paragraph [0064]) measuring a temperature relative to 
the evaporator (see figure 2) and a temperature sensor measuring the temperature of 
the space to be cooled (see paragraph [0066]). It is noted that Singh et al does not 
explicitly disclose the use of a temperature relative to the evaporator, the temperature of 
the air to be cooled, and the efficiency of the evaporator to calculate the temperature at 
the inlet or outlet of the evaporator. However, it falls within the realm of common 
knowledge to use the efficiency of the evaporator as approximated by its manual, the 
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temperature of the space to be cooled, and a temperature relative to the evaporator to 
calculate the refrigerant temperature at the inlet or outlet of the evaporator. Further, it 
would have been obvious to one of ordinary skill in the art at the time of the invention to 
use the efficiency of the evaporator as approximated by its manual, the temperature of 
the space to be cooled, and a temperature relative to the evaporator to calculate the 
refrigerant temperature at the inlet or outlet of the evaporator in order to confirm the 
accuracy of sensors and efficiency of the system. 

Regarding claims 12 and 13, the refrigerant temperature used by Singh et al is 
the refrigerant temperature at the inlet of the compressor, received from a probe (120, 
see paragraph [0062]) placed at the inlet of the compressor. 

Regarding claim 14, Singh et al explicitly discloses the placement of a probe 
(1 1 4, see paragraph 0062) at the outlet of the compressor for measuring the refrigerant 
temperature at the outlet of the compressor, and the system of Singh et al is capable of 
using the temperature at the outlet of the compressor as the refrigerant temperature 
relative to the compressor. 

12. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Singh et 
al (US Patent Application Publication No. 2003/0005710) in view of Thermodynamics: 
an engineering approach (Cengel and Boles, international edition 2004), further in view 
of Gregg et al (US Patent No. 4,977,529). 

Regarding claim 3, it is noted that Singh et al does not explicitly disclose the 
modeling of the valve flow area as a series of linear functions. However, Gregg et al 
discloses a valve simulation which estimates valve flow area using a series of linear 
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functions (see column 148 lines 43-60). It would therefore have been obvious to one of 
ordinary skill in the art at the time of the invention to implement the modeling technique 
of Gregg et al in the system of Singh et al as a mathematically simple but effective 
backup, to ensure the received data did not indicate a system fault. 
13. Claim 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Singh et 
al (US Patent Application Publication No. 2003/0005710) in view of Thermodynamics: 
an engineering approach (Cengel and Boles, international edition 2004), further in view 
of Gregg et al (US Patent No. 4,977,529), further in view of Ben Yahia (US Patent 
Application Publication No. 2003/0159452) and the application. 

Regarding claim 4, it is noted that the system of Singh et al in view of Cengel and 
Boles, further in view of Gregg et al does not explicitly disclose the pressures at the 
expansion valve to be between approximately 80 bar and 135 bar or the areas to be 
between approximately .07 mm 2 and 3.14 mm 2 . However, the supercritical air 
conditioning cycle of Ben Yahia uses carbon dioxide (see paragraph [0002]), and it 
would have been obvious to one of ordinary skill in the art to use pressures between 
approximately 80 bar and approximately 135 bar when modeling a system using carbon 
dioxide in order to optimize performance. Additionally, as the general concept of 
optimizing the dimensions of an expansion valve for a particular application following 
completion of a design falls within the realm of common knowledge, it would have been 
obvious to one of ordinary skill in the art at the time of the invention to use the pressures 
of approximately 80 bar, 1 1 0 bar, and 1 35 bar, and the areas of .07 mm 2 , .5 mm 2 , .78 
mm 2 , and 3.14 mm 2 in a model of the expansion valve of Singh et al in view of Cengel 
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and Boles, further in view of Gregg et al, further in view of Ben Yahia et al, in order to 
use the best balance of accuracy and simplicity possible. 

Conclusion 

14. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Duff et al (US Patent No. 5,677,677) discloses a system with all 
appropriate temperature and sensor probes in an air conditioning system. Liu et al (US 
Patent Application No. 2004/0060310) discloses an air conditioning system which uses 
relative pressures to calculate the mass flow rate of the refrigerant and the power 
consumed by the compressor. Ben Yahia et al (US Patent Application No. 
2005/0223740) discloses an expansion device for an air conditioning system. Hamery et 
al (US Patent No. 6,339,933) discloses an air conditioner with a control unit providing 
ventilation control according to various refrigerant pressures and temperatures. Ben 
Yahia (US Patent Application Publication No. 2005/0172652) discloses a motor vehicle 
air conditioning installation with mass flow rate calculation. Crawford (US Patent No. 
1 ,349,409) discloses a method and apparatus for measuring the capacity of 
refrigerating plants which comprises calculating the mass flow rate of refrigerant based 
on temperatures. Renders (US Patent Application No. 2002/01 16932) discloses a 
method of diagnosing an automotive air conditioning system using pressure sensors on 
either side of the expansion valve. Ito et al (US Patent No. 5,224,354) discloses a 
refrigerating apparatus with temperature sensors on the evaporator and compressor. 
And Kuroda et al (US Patent Application Publication No. 2002/0023451) discloses a 
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vehicle air conditioner with refrigerant flow-amount control of the compressor based on 
relative pressures, and uses carbon dioxide as a refrigerant. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ALEXIS K. COX whose telephone number is (571)270- 
5530. The examiner can normally be reached on Monday through Thursday 8:00a.m. 
to 5:30p.m. EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Cheryl Tyler or Frantz Jules can be reached on 571-272-4834 or 571-272- 
6681 . The fax phone number for the organization where this application or proceeding 
is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/AKC/ 

/Frantz F. Jules/ 

Supervisory Patent Examiner, Art Unit 3744 



